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INTRODUClXON 

This repor t  under Contract No. NASr-41, "Effects of Simulated 

Space Environments on the  Viab i l i t y  of Microorganisms", National 

Aeronautics and Space Administration, Washington, D. C. ,  summarizes 

t h e  results obtained during t h e  per iod October 16, 1962 through 

January 15, 1963. The experimental program w a s  a j o i n t  e f f o r t  of 

National Research Corporation and the  Department of Nutr i t ion and 

Food Science, Massachusetts I n s t i t u t e  of Technology, Cambridge, 

Massachusetts. The previous r e p o r t  w a s  dated November 2 ,  1962 and 

described the  work accomplished during the  per iod Ju ly  16 through 

October 15, 1962. 

The present  repor t  includes a discussion of the  surv iva l  of 

organisms from s o i l s  exposed t o  ul t rahigh vacuum a t  temperatures 

of 120 and 150°C. The res i s tance  of organisms i so l a t ed  from severa l  

deser t  s o i l s  subjected t o  vacuum and 120°C w a s  invest igated by 

placing t h e  cul tured organisms i n  vacuum at  120°C. 

been i n i t i a t e d  i n  which spores of 5 organisms are i r r a d i a t e d  with 

u l t r a v i o l e t  l i g h t  w h i l e  under ul t rahigh vacuum. 

Experiments have 

. A new vacuum chamber heating system has been fabr ica ted  which 

w i l l  reach isothermal temperatures t o  200°C a t  lower pressures  than 

had been possible  i n  previous work. 

provide t h e  res i s tance  w i r e  heat source within t h e  chamber rather 

than ex terna l ly  as i n  the pas t .  

t o  t h e  e x t e r i o r  of t h e  vacuum chamber w a l l s  t o  maintain low w a l l  

temperature and minimize system outgassing. 

i n  the temperature-vacuum s tudies  described here .  

This system w a s  designed t o  

Water-cooling co i l s  w e r e  a l s o  added 

This equipment w a s  used 
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Gamma rad ia t ion  experiments on organisms sealed i n  vacuum w i l l  

be conducted i n  a new apparatus. 

u l t rah igh  vacuum valves as in t eg ra l  components of t h e  tubulat ion 

system. 

dividual  tubes a t  any time u n t i l  the  organisms are plated.  

This system w a s  constructed with 

It w i l l  be possible  t o  determine pressures  within the  in-  

A paper e n t i t l e d  "Combined Effects  of Ultrahigh Vacuum and 

Temperature on the  Viabi l i ty  of Some Spores and So i l  Organismstt, 

by Davis, Silverman, and Keller, has been accepted f o r  publ icat ion 

i n  Applied Microbiology. 

TEMPERATURE EXPERIMENTS 

Desert S o i l  

Three Mohave Desert s o i l s  were placedin u l t rah igh  vacuum a t  

120 and 150°C f o r  4.5 days and then p la ted  by procedures described 

i n  previous repor t s .  

bac t e r i a ,  molds , and actinomycetes w e r e  determined. Cultures w e r e  

incubated aerobical ly  and anaerobically.  

technique w a s  designed t o  optimize recovery of organisms , few colonies  

appeared on each p l a t e  showing growth. 

t h e  res i s tance  of the  isolates as w e l l  as r u l e  out chance contaminants 

by returning t h e  i s o l a t e s  t o  the vacuum chamber a t  high temperature. 

These cu l tures  are a l s o  being placed a t  e levated temperatures a t  

atmospheric pressure.  

Heterotrophic mesophilic and thermophilic 

Although the  p l a t ing  

It w a s  necessary t o  confirm 
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F i f t y  of the aerobic 

120°C i n  ul t rahigh vacuum 

organisms recovered from experiments a t  

w e r e  returned t o  the  vacuum chamber a t  

t h a t  temperature f o r  4.5 days. 

w a s  devised t o  determine survival .  

g l a s s  f i b e r  f i l t e r  paper c i r c l e s  w e r e  numbered i n  dupl icate  

co lor  code system and s t e r i l i z e d  by autoclaving. 

agar s l a n t s  of t h e  organisms picked from s o i l  p l a t e s  w a s  scraped 

and spread on moistened f i l t e r s .  These t ryptone glucose ex t r ac t  

agar (TGE) s l a n t s  were t h e  i n i t i a l  subcultures taken from the  s o i l  

p l a t e s  and w e r e  several  weeks o l d .  The prepared f i l ters  were then 

dr ied  a t  45°C f o r  2.5 h r  and s tored overnight a t  20°C i n  a s i l i ca  

g e l  desiccator .  

determine whether the drying process w a s  l e t h a l ,  while t he  other  

f i l t e r  w a s  subjected t o  ul t rahigh vacuum and 120°C f o r  4.5 days. 

A q u a l i t a t i v e  screening procedure 

Reeve Angel 2 . 1  cm No. 934-AH 

by a 

The growth on 

One f i l t e r  of each organism w a s  then p la ted  t o  

Both sets of f i l ters  were plated by impressing the f i l t e r  

surface bearing the  organisms on f r e sh  TGE p l a t e s  a t  5 pos i t ions  

around the  p l a t e  periphery.  

cen ter  of the p l a t e  and l e f t  on the  p l a t e .  

a t  30°C and examined d a i l y  f o r  growth. 

after plates had incubated f o r  12 days. 

had been i n  vacuum a t  120°C and showed growth w e r e  picked, and 

colonies  t ransfer red  t o  TGE s l an t s .  

w i t h  0.2% tr iphenyl  tetrazolium chlor ide.  

recovered from t h e  vacuum chamber with the o r i g i n a l  i s o l a t e s  w a s  

confirmed by comparing the  c u l t u r a l  c h a r a c t e r i s t i c s  and by micro- 

scopic examination. 

The f i l t e r  w a s  then impressed i n  the 

Cultures w e r e  incubated 

The experiment w a s  concluded 

Pla tes  from f i l ters  which 

All p l a t e s  w e r e  then flooded 

The i d e n t i t y  of cu l tures  
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Only one of t h e  50 cul tures  d i d  not  survive the moderate drying 

treatment used t o  prepare the  samples. 

per iod,  8 of t he  50 cu l tures  which had been i n  the  vacuum chamber a t  

120°C showed growth conforming t o  the  o r ig ina l  i s o l a t e s .  Seven cul-  

t u r e s  w e r e  co lor less ,  punctiform, and sporeforming, while t he  other  

cu l tu re  w a s  amber and butyrous. 

t o  species  i f  possible .  

Within the 12 days incubation 

These cu l tures  w i l l  be i d e n t i f i e d  

ULTRAVIOLFT EXPERIMENTS 

Experiments have been i n i t i a t e d  which w i l l  compare t h e  v i a b i l i t y  

of f ive test  spores after u l t r a v i o l e t  (W) i r r a d i a t i o n  i n  u l t rah igh  

vacuum and at atmospheric pressure.  These experiments are being con- 

ducted over a wide range of W doses. 

Known numbers of spores (lo2 - 10 6 ) on g l a s s  f i b e r  f i l t e r  paper 

circles and membrane filters a t  the  same test condi t ions are used 

t o  compare surv iva l  data when spores are shielded from W within the  

g l a s s  f i b e r  m a t  and spores are almost e n t i r e l y  exposed t o  W on the  

membrane f i l t e r  surface.  Any reduction i n  population due t o  vacuum 

is  being monitored by shielding a similar group of f i l t e rs  from W 

but  exposing them t o  vacuum. 

The influence of moisture on spore v i a b i l i t y  after W exposure 

i s  a l s o  being s tudied.  

periment is  placedin a desiccator  containing w a t e r  and s to red  a t  

20°C f o r  a day before they are processed. 

A group of f i l t e rs  from each W-vacuum ex- 

F i l t e r s  are normally 
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p l a t e d  t h e  day they are removed f rom the  vacuum chamber. Undried 

f i l t e r s  are t o  be i r r a d i a t e d  a t  atmospheric pressure.  Dried f i l t e rs  

s t o r e d  i n  a s i l i ca  g e l  desiccator  f o r  t he  durat ion of the 5-day s t a y  

i n  vacuum serve as an addi t ional  control .  No effort  i s  being made t o  

s h i e l d  spores from v i s i b l e  l i g h t .  The spores include Baci l lus  s tearo-  

thermophilus, - B. megaterium, - B. s u b t i l i s  var .  n ige r ,  Clostridium 

sporogenes, and Aspergil lus niger .  

I 
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A newly designed s t a i n l e s s  steel framework w a s  constructed t o  

support  t he  f i l t e r s  and the  u l t r a v i o l e t  lamp wi th in  the  vacuum 

chamber. 

lamp a t  a dis tance of 10 cm from the lamp w a l l .  

w a s  used t o  i r r a d i a t e  filters a t  atmospheric pressure.  

The lamp w a s  mounted cen t r a l ly  so t h a t  f i l t e rs  faced t h e  

The same apparatus 

Experiments performed so far used 30 sec and 10 min W after 

5 days i n  u l t rah igh  vacuum. 

t o  doses of 15,000 and 200,000 ergs  respect ively.  

assembly sens i t i ve  t o  wavelengths below 3000 A w a s  used t o  measure 

the  W radia t ion  incident  on a blank set of f i l t e r s  mounted on the  

These i r r a d i a t i o n  per iods corresponded 

A thermopile 
0 

framework. 

t e n s i t y  

The dosimetry w i l l  be repeated with a germicidal W in-  
0 

meterwhich responds only t o  energy at  2537 A. 

I 
I 
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RESULTS AND DISCUSSION 

When membrane f i l ters  holding lo6 spores w e r e  given 15,000 ergs  

W i n  vacuum and a t  atmospheric pressure, 0.01 - 0.1% of t h e  spores 

w e r e  recovered. Some differences i n  surv iva l  i n  vacuum and a t  atmos- 
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pheric  pressure were observed, but these were not  s ign i f i can t  because 

of t h e  s m a l l  number of v iab le  spores. The r e s u l t s  w i t h  g l a s s  f i l ters 

on the  o ther  hand demonstrated t h a t  spores within the f i b e r  m a t  d id  

not  receive much i f  any W since 0 .1  - 50% of the  spores w e r e  viable .  

- B. s u b t i l i s  var. niger  w a s  t he  only organism f o r  which less than 20% 

v i a b i l i t y  w a s  noted. 

I 
I 

I 
I 

I A t  200,000 ergs ,  about 0.001% of the  spores on membrane f i l t e r s  

w e r e  recovered with t h e  exception of A. n iger  which gave about 0.1% 

surv iva l .  On g l a s s  filters, 0.01% of the  B. s u b t i l i s  var .  niger  

spores ,  0.5% of the  A. niger  spores, and 10% of the  t h r e e  other  spores 

were v iab le  when compared with specimens exposed t o  vacuum but 

- 
- I 

I - 

I shielded from W. 
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The data obtained from fil ters s tored  over water before  they w e r e  

p la ted  d id  not co r re l a t e  w e l l  i n  two experiments, but these observa- 

t ions  must be viewed i n  the  context of a complete series of experi-  

ments before  conclusions may be drawn. A t  200,000 ergs ,  50-1000% 

of t h e  irradiated organisms p la ted  the day they w e r e  removed from 

t h e  vacuum chamber w e r e  recovered from f i l t e rs  s tored  over w a t e r .  

- A. niger gave t h e  apparent ten-fold increase i n  recovery i n  t h i s  ex- 

periment, but f i l ters  of t h i s  organism given 15,000 ergs  w e r e  un- 

changed i n  s t a b i l i t y .  

Improvements i n  the  W lamp system w i l l  be made t o  provide 

b e t t e r  dose cont ro l  a t  low f lux  l eve l s .  

obtained by energizing t h e  lamp f o r  shor t  periods of time, (e.g. 

30 seconds). 

several minutes and therefore  t h e  exact value and r e p e a t a b i l i t y  of 

Low dosages are cur ren t ly  

The lamp does not reach a steady output l e v e l  f o r  
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low dosages is  subject to-variance, A new power system w i l l  be con- 

s t ruc ted  t o  control the  lamp in terna l ly  so that  l o w  fluxes can be 

s tudied without resorting t o  short exposure per iods .  


